The pyridine ligand of 3 can be substituted easily by Cl", Br" or SCN~ to give 4a, 4b, or 4c, respectively* The thiocyanate ligand of 4c is shown to be sulfur-coordinated to a gold atom.
Introduction
Recent studies on mi xed-metal-gold clusters have shown that the geometry of these clusters is related to their electron configuration:1 toroidal geometries are observed for (Sa)2(Pa)4 (16 electron) clusters, whereas (S°)2(P°)6 (18 electron) cluster compounds adopt spheroidal geometries. The reactivities of such cluster compounds can also be rationalized in terms of these electron configurations. Nucieophilic addition reactions of a two-electron donating group to the centers of toroidal (S°)2-(P^4 clusters have been reported to result in (S°)2(Pi7)6 clusters with spheroidal geometries [2] [3] [4] Electrophilic additions on the other hand have been observed for (S* 7) 2^*7)4 clusters as well as for (SC T )2(Pa) 6 clusters:5" 7 The electron configuration and the accompanying geometry clas- 
Experimental Section
M easurem ents. Elemental C, H, and N analyses w ere carried out at the microanalytical department of the University o f Nijmegen, ICP analyses o f the copper-containing clusters, giving Pt:Au:Cu ratios were carried out on a Plasma 2 0 0 ICP-AE spectrometer in D M SO solutions of the cluster compounds with [Pt(C0 )(CuCi)(AuPPh3)8](N0 3) 25 and [Pt(C0 )(CuCl)2(AuPPh3)7](N0 3) 5 used for calibration. Due to partial overlap of the spectral emission lines of copper with those used for phosphorus detection, determination of the phosphorus content was not performed for the copper containing cluster compounds. The IC P analyses of PtAu cluster compounds without copper were obtained from DMSO solutions of the compounds on the aforementioned spectrometer providing Pt:Au:P ratios with [Pt( AuPPh3)s](NC^11 used for calibra tion.
Fast atom bombardment mass spectroscopy (FAB-MS) on 5 was performed by the mass spectrometry service laboratory of the University of Minnesota on a VG Analytical Ltd. 7070E-HF mass spectrometer. The FAB'M S spectrum was taken from a nitromethane solution of the compound under inert atmosphere by means of continuous-flow conditions to prevent exposure of the compound to air. C sl was used as the standard for mass-calibration; further experimental details are given elsewhere.12 31P {!H} NMR spectra of CH2Q 2 solutions of the cluster compounds were recorded on a Bruker W M-200 spectrometer, operating at 81.015 MHz, and on a Bruker AM-500 spectrometer, operating at 202.462 MHz, with trimethylphosphate (TMP) in CD2CI2 as external reference; 'H NMR spectra were recorded in CD2CI2 solutions (for compound 3) or in CDCb solutions (for compound 5) on a B ruker AM -500 spectrometer operating at 500.13 M Hz with tetramethylsilane (TMS) as reference. The 195Pt NMR spectra were recorded at 43.02 MHz on the above-mentioned Bruker W M -200 spectrometer using C D C I3 solutions of 5 and CD2CI2 solutions for all other cluster compounds; KoPtCU in D 20 was used as external reference. Phosphorus decoupling during 195Pt NM R experiments was performed w ith a PTS 200 synthesizer. 2H NMR experiments were run on a B ruker W M-200 spectrometer (at 30.722 MHz) and on a Bruker AM-500 spectrometer (at 76.774 MHz) in CH2CI2 solutions. The infrared (IR) spectra were measured in Csl pellets on a Perkin-EImer 1720-X Fourier transform infrared spectrometer in the range from 4000 to 220 cm-1 . [Pt(H )(CuCl)(A uPPh3)gl(N0 3 ) (1). A 100-mg (0.025-mmol) sample o f tPt(AuPPh3)s](N0 3) 2 was dissolved in 4 mL o f acetone. Dihydrogen was bubbled through this brown solution for 1 0 min upon which the color changed to red-brown. To this solution was then added 2.7 mg (0.027 mmol) o f CuCl under dihydrogen atmosphere, which further changed the color to deep red. After 30 min of stirring, an orange-red precipitate was formed and the reaction mixture was stirred for 5 h more; the dihydrogen atmosphere was then replaced by air and the orange-red precipitate was filtered off and washed with 2 mL of acetone and finally twice with 10 mL of diethyl ether. [Pt(H)(CuCl)2(AuPPh3)8](N03) (2). (A) A 70-mg (0.018-mmol) sample o f [Pt(AuPPh3)8](N0 3)2 was dissolved in 3 mL o f acetone. After dihydrogen was bubbled through this solution for 1 0 min, which changed the color from brown to red-brown, 4.0 mg (0.040 mmol) of CuCl was added under dihydrogen atmosphere. This changed the color o f the mixture to deep red, and after 30 min of stirring an orange-red precipitate was obtained. The reaction mixture was stirred for 1 day more; the reaction vessel was then opened to air, and the orange-red precipitate was filtered off and subsequently washed with acetone and diethyl ether. 3IP N M R characterization of this precipitate revealed the presence of 2 in ca. 60% yield.
The same orange-red precipitate could be obtained from the analogous reaction in methanol. However, when this reaction was performed in dichloromethane the reaction mixture had to be evaporated to dryness after reacting for 1 day to obtain the same product. (D) A sample o f 100 mg (0.025 mmol) [Pt(A uPPh3)s](NG3)2 was dissolved in 4 m L o f methanol, and dihydrogen was bubbled through this solution for 1 0 min, upon which the color changed from brown to red-brown. A 2.7-mg (0.027-mmol) sample o f CuCl was added under dihydrogen atmosphere. The color changed to dark brown, and after 1 h o f stirring an orange-red precipitate formed. The reaction was then stirred for 5 h more, after which the dihydrogen atmosphere was replaced by air. The orange-red precipitate was filtered off, and it was washed with methanol and diethyl ether. Red crystals of [Pt(H)(CuCl)2-(A uP P h3)8](N 03) (2) w ere obtained by slow diffusion of diethyl ether into a 1 : 1 (v/v) dichloromethane-methanol solution of the sam ple (yield: 48 mg, 0.012 mmol; 87%, calculated for Cu). It should be noted that this procedure to prepare 2 is similar to the procedure to prepare 1 (see above); the major difference is the use of methanol as the solvent instead of acetone (see Results and Discussion). Hz. l95Pt NMR: 6 = -6 3 9 9 ppm with lJ ( P t-lE) (doublet) = 597 Hz and V(Pt-3 !P) (nonet) = 390 Hz.
[Pt(H )(A uPy)(A uPPh3)g](N0 3 ) 2 (3). A sample of 100 mg (0.025 mmol) of [Pt(AuPPh3)g](N0 3 ) 2 was dissolved in 5 mL of pyridine. Dihydrogen was bubbled through this solution for 10 min, which changed the color from brown to dark red. To this solution was added 26 mg (0.050 mmol) of AuPPh3N03 under dihydrogen atmosphere. This reaction mixture was stirred for 2 h, and the color changed to deep red, after which the dihydrogen atmosphere was replaced by air. Diethyl ether (80 mL) was added to give an orange-yellow precipitate which was filtered off. This residue was washed four times with 20 mL of hexane and three times with 15 mL of diethyl ether. Finally the orange-yellow powder was placed in dynamic vacuum (less than 10'3 mbar) for 6 h. [Pt(H)(AuPy)(AuPPh3)8](PF6) 2 (3a). A 50-mg (0.012-mmol) sample of 3 was dissolved in 2 mL of methanol; to this red solution was added 50 mg (0.13 mmol) of tetra-n-butylammoniumhexafluorophosphate (TBAH) dissolved in 1 mL of methanol. This solution was then concentrated by evaporation until an orange-yellow precipitate of [Pt-(H)(AuPy)(AuPPh3)8](PF6)2 formed. This precipitate was filtered off and washed with some drops of methanol. Finally it was dried in vacuum for 3 h (yield: 36 mg, 0.0082 mmol; 70%, calculated for Pt). 
Mixed-Metal-Gold Phosphine Complexes [Pt(H)(AuBr)(AuPPh3)g](Br) (4b)
stopped when the formation of the orange-yellow precipitate o f 4b was complete. This orange-yellow precipitate was filtered off and washed with some drops of methanol (yield: 44 mg, 0.010 mmol; 89%, calculated for Pt).
ICP analysis: Pt:Au:P = 1:9.1:7.8. IR: characteristic absorption bands originating from the PPh3 ligands; the absorption band o f N O 3 is absent, which points toward Br" as counteranion for 4b (the insolubility of 4b in apolar solvents like toluene and benzene is taken as an indication that this cluster compound is ionic, see Results and Discussion). 3lP NMR: <5 = 51.4 ppm with 2/( P -I95Pt) (doublet) = 393 Hz.
This cationic cluster compound was also obtained from the reaction of [Pt(AuPPh3)8]2+ with B r" in refluxing ethanol.18 However, the reproducibility and the yield of this reaction were rather poor.
The reaction between [Pt(AuPPh3)8] (N 0 3)2 and AuPPh3Br in pyridine under dihydrogen atmosphere, analogous to method A for cluster compound 4a (see above), did not result in the desired product 4b but yielded several unidentified products. were dried in vacuum (less than 10-3 mbar) for 1 h; 5 mL of dichloromethane was then added, and this red mixture was stirred vigorously. After 1 day the red solution was concentrated to a volume of 2 mL by evaporation; this was then purified by column chromatography on alumina (M erck, Aluminiumoxide 90 Active, neutral, activity III) with a 0.01 M tetra-H-butylammoniumhexafluorophosphate (TBAH) solution in dichlo romethane as eluting agent. The red frontlayer in this column was collected, and this solution was evaporated to dryness under reduced pressure. Analysis showed that this red product consists o f cluster compound 5, together with TBAH, originating from the eluting agent (yield of 5 is 60-70%, as estimated from 31P NMR spectra o f crude products).
Due to the presence o f TBAH in the final product, compound 5 has not been analyzed by elemental C, H, and N analysis, ICP: Pt:A u:Cu = 1:6.2:1.1. IR: absoiption bands of uncoordinated N 0 3 (1378 c m '-1, broad) as well as of PF6 (840 cnrT1) were observed in addition to several bands originating from the PPI13 ligands and the tetra-n-butylammonium ion. 31P NMR: AuP 6 = 49.8 ppm with 2/ ( P -195Pt) (doublet) = 410 Hz and 37(P-P) (doublet) = 28 Hz; P tP & = 56.1 ppm with lJ ( P - Table 1 . Solution and R efinem ent of th e S tru c tu re s. [Pt(H )(C uC l)-(AuPPh3)s](N0 3 ) (1). The structure was partially solved in space group P2\fm. The positions of the metal atoms were found from automatic Patterson interpretation (PATTY20 ) followed by a phase refinement procedure to expand the fragm ent (DIRDIF21 ). Most of the phenyl rings were positioned from successive difference Fourier maps, but some phenyl rings appeared to be disordered due to the presence of the crystallographic mirror plane through the molecule. At this stage the structure evaluation continued in space group P2\. Nevertheless, some disorder in the phenyl rings remained and neither the N 0 3" ion nor any of the solvent molecules could be identified unambiguously. The observed disorder can easely be caused by the local mirror symmetry of the metal atoms.
The structure was refined by full-matrix least-squares on F02 values using SHELXL22 with anisotropic parameters for the metal, phosphorus, and chlorine atoms. The phenyl rings were refined with restrained idealized geometry, (flat, with twofold symmetry) three of which in disordered orientations. The hydrogen atoms of the phenyl rings were placed at calculated positions (C-H = 0.93 A ). After refinement to an R value of 0.13, an additional empirical absorption correction based on F0 -|.FC| was applied using DIFABS23 on the original unmerged Fa values. Convergence was reached at R = 0.083 (on F values, F0 > 4ff(F0)) and RW F2 -0.18 (on F 2 values, including all reflections). The first 100 rest peaks in the last difference Fourier map were in the range 2 .3 -0 .9 0 e/A3; 37 of these peaks were within a distance of 2 A from the metal atoms, and 17 peaks had a distance more than 2.5 A from any atom of the cluster molecule. The latter may be atoms of the N 0 3_ ion or the solvent molecules; refining these peaks as carbon atoms did not improve the overall geometry of the cluster, and therefore these peaks were discarded. Other peaks in the neighborhood of the phenyl rings are the result of unresolved disorder in the phenyl rings, which also explains the occurence of several very short interphenyl C -C distances (see Supplementary Material). The function minimized was Zw{F02 -Fc2)2 with w * l / [ a W ) + (0.0585Fc2)2].
Positional and therm al parameters of selected atoms are given in Table 2 , and selected bond distances and bond angles are given in Table  3 . The molecular structure o f 1 is given in Figure l expand the fragment (DIRDIF21). The N 0 3~ ion was positioned from difference Fourier maps. Of the unknown amount of solvent molecules none could be detected. The structure was refined by full-matrix least-squares on F02 values using SHELXL22 with anisotropic parameters for the metal, phosphorus and chlorine atoms. The NO3" ion was refined with restrained idealized geometry (flat, 2 -fold symmetry) with the hydrogen atoms of the phenyl rings placed at calculated positions (C-H = 0.93 A).
After refinement to an R value of 0.13, an additional empirical absorption correction based on F0 -\FC\ was applied using DEFABS23 on the original unmerged F0 values. Final convergence was reached at R = 0.085 (on F values, Fa > 4o{F0q)) and R^F1 -0.18 (on F 2 values, including all reflections). The function minimized was Hw(F02 -Fc2)2 with w = l/[ a 2(F02) 4-(0.078FC 2)2]. A maximum residual density of 2 . 2 e/A3 was found near metal atoms.
The total volume of the solvent area was calculated to be 1057 A 3 (14.8 vol%) (PLATON27 ). This volume is filled with unidentified solvent molecules.
Positional and thermal parameters of selected atoms are given in Table 4 , and selected bond distances and bond angles are given in Table  5 . The molecular structure of 2 is given in Figure 2 .24 (6 ) 1198 (1) 751 (1) 2526 (1) 38(1) A u (7) 2067 (1) 2339 (1) 3400 (1) 36(1) Au (8 ) 1548 (1) 2027 (1) 1684 (1) (3) 4311 (8) 339 (6) 1609 (4) 45(2) P (4) 3864 (7) 3630 (6) 1011 (4) 35(2) P (5) - 8 6 5 (8 ) 3695 (8) 3053 (6) 59(3) P(6 ) 2 1 2 (8 ) -224 (7) 2653 (5) 43(2) P (7) 2126 (8) 2563 (7) 4141 (4) 40(2) P (8 ) 1014 (9) 2149 (8) 1001 (4) 49 (3) a I/eq is defined as one third of the trace of the orthogonalized Uy tensor. ICP analysis, and IR, 31P NMR and 195Pt NMR spectroscopy. Its solid-state structure was revealed by a single-crystal X-ray analysis.
Results and Discussion

Synthesis, Characterization and Crystal Structure of [Pt-(H)(CuCl)(AuPPh3)8](N03) (1).
T able 5. Selected Bond Lengths (A) and Bond Angles
NMR Spectroscopy. As a result of the fluxional behavior of the different phosphine sites at room temperature a singlet is observed in the 31P NMR spectrum of 1. The magnitude of 7 (P -i95Pt) shows it to be a 2J coupling, thereby indicating that 31P and 195Pt NMR data are given in Table 6 . The 195Pt NMR spectrum of 1, with <5 == -6015 ppm, is typically located for an (S°)2(Pa)6 cluster compound upfxeld of -5400 ppm. Cluster compounds with an (S0)2^?0)4 electron configuration on the other hand are typically observed downfield of -4500 ppm. Phos phorus decoupling of the I95Pt NMR spectrum of 1 results in a doublet due to l/(Pt-L H) = 678 Hz, The magnitude of this coupling is in the range normally observed for hydride contain ing PtM compounds in which the hydride is bridging between the platinum and the metal atom M 28-34 This is in agreement with the absence of a terminal Pt-H stretching vibration (in the 2300-1700 cm" 1 range) in the IR spectrum of 1. The region where bridging hydrides may be observed in IR spectra (1400-800 cnC1) is obscured for 1 due to the absorption bands of the PPI13 ligands and the N0 3~\ The presence of eight AuPPh3 units bonded to the central platinum atom of 1 is concluded from the nonet structure with 2/(Pt-31P) = 410 Hz in the ^P t^H } NMR spectrum.
Crystal Structure. The solid-state structure of 1 as revealed by X-ray analysis (Figure 1) shows that the cluster framework is analogous to that reported for [Pt(H)(AgN0 3 )(AuPPh3)a]-(NO3).10 The platinum atom, which is in the central position as seen from the NMR data, is surrounded by eight AuPPh3 units and one CuCl unit. The metal core of 1 is clearly derived from an icosahedral (spheroidal) geometry, the copper atom is positioned at the bottom-vertex of the icosahedron, and the eight gold atoms are situated at eight adjacent vertices. Three adjacent vertices of the fictitious icosahedron therefore are not occupied by any metal atom, and they define the region that is most likely occupied by the hydride ligand, bridging between platinum and gold atoms. The copper atom, which is less electronegative than gold, is situated "trans" to the region where the relatively electronegative H ligand resides.
The Pt-Au distances (2.616 A to 2.698 A) and the Au-Cu distances (2.704 A to 2.958 A) are in the normal range for CuAu bonding, only the Au(l)-Cu(l) distance, 3.320(4) A, is substantially longer. The Pt-C u distance (2.548(4) A) is short as compared to other known Pt-Cu distances.5,36'"38
In the crystalline state no nitrates were located within coordinating distances from any metal atom; this is also concluded from the IR spectrum where no coordinated NO3 is observed. The presence of a Cu-Cl stretching vibration could not be detected in the IR spectrum of 1; this is also the case for other PtAuCu clusters containing only one CuCl unit.5 How ever, a Cu-Cl stretching vibration for 2, in which two CuCl units are present, can be assigned (vide infra).
Synthesis, Characterization, and Crystal Structure of [Pt-(H)(CuCl)2(AuPPh3)8](N03) (2). The reaction of [Pt(AuPPh3)8]-(N03)2 with CuCl, in a molar ratio of 1:2, under dihydrogen atmosphere in acetone, methanol, or dichloromethane yields the cluster compound [Pt(H)(CuCl)2(AuPPh3)g](N0 3 ) (2). 2 was also obtained from the reaction of [Pt(AuPPh3)8](N03)2 with CuCl in a molar ratio of 1:1 under dihydrogen atmosphere in methanol or dichloromethane. However, this reaction in acetone yields cluster 1 as seen in the previous section.
The reaction between [Pt(CuCl)(AuPPh3)a](N03)2 and dihy drogen in methanol or dichloromethane results in the formation of 2 and [Pt(AuPPh3)g](N03)2 in equimolar amounts. Monitor ing this reaction with 31P NMR spectroscopy shows that 1 is present during the early stages of this reaction and that [Pt(H)2-(AuPPh3)g]2+ is also present in the reaction mixture under dihydrogen. An intermolecular CuCl transfer reaction of 1 to yield 2 is remarkable because, as seen in the previous section, cluster 1 is a stable compound that can be recrystallized from a methanol/dichloromethane environment over several days, without any detectable formation of 2. We therefore conclude that this intermolecular CuCl transfer reaction in methanol or dichloromethane is promoted by the presence of H"1" in the reaction mixture.10 Electrophilic addition of H+ to 1 is then postulated to result in minor (i.e., undetectable) amounts of a dihydride cluster that eliminates a CuCl unit which then reacts rapidly with 1.
The Lewis acid CuCl obviously prefers addition to 1 because this is the most basic cluster present in solution. The solvent dependence may be related to the amount of dihydride [Pt(H);>-(CuCl)(AuPPh3)8]2+ formed: apparently this dihydride is more pronounced in methanol and dichloromethane than it is in acetone because this has a proton affinity significantly higher than methanol and dichloromethane. 39 The absence of such a net intermolecular transfer of AgN0 3 for [Pt(H)(AgN0 3 )-(AuPPh3)8](N0 3 ) might be due to the high charge of the hypothetical dihydride [Pt(H)2(Ag)(AuPPh3)8]3'h.
NMR Spectroscopy. 31P and 195 Pt NMR data are given in Table 6 . The 31P NMR spectrum of 2 consists of a singlet at d The magnitude of this coupling is in the range normally observed for a 2J coupling and therefore shows unambiguously that 2 has a platinum atom in central position which is surrounded by AuPPh3 units.
The presence of eight AuPPh3 units bonded to the central platinum atom is clear from the nonet splitting with 2/(P t~31P) = 390 Hz in the ^P t^H } NMR spectrum. The presence of one hydride ligand in 2 is inferred from the doublet structure with X J(Pt-!H) = 597 Hz in the 195Pt{3lP} NMR spectrum. From the magnitude of this coupling, like for 1, it is concluded that the hydride ligand in 2 is also bridging between the central platinum and peripheral metal atoms, most likely gold atoms as deduced from crystallographic information (vide infra).
Comparison of the three related clusters [Pt(H)(AuPPh3)g]-(NO3),28 1, and 2 shows that the order for <5(195Pt) is [Pt(H)-(AuPPh3)g](NC>3) > 1> 2 (see Table 6 ). This sequence can be attributed to the more complete spherical surrounding of the central Pt atoms.
1
The scalar coupling constants between Pt and H and between Pt and P decrease in the order [Pt(H)(AuPPh3)g](N0 3 ) > 1 > 2 (see Table 6 ). This is due to the decrease in bond order between the central Pt, the hydride, and the peripheral metal atoms in going from [Pt(H) (AuPPh3)s] (NO3) to 1 to 2 as with the same number of bonding electrons for all three clusters, additional Pt-Cu bonds have to be maintained. This decrease in bond order in going from 1 to 2 is also reflected in the (mean) Pt-Au and Pt-Cu bond lengths of 1 and 2 (vide infra).
Crystal Structure. The X-ray structure analysis of the solid shows (Figure 2) that the metal core of 2 consists of 11 metal atoms. The central position is occupied by a platinum atom 1 (as concluded from NMR experiments) which is surrounded by eight gold atoms and two copper atoms in an icosahedral (spheroidal) geometry. The gold atoms are all bonded to triphenylphosphine ligands, whereas both copper atoms are bonded to Cl. No close Cu-Cu contacts are observed in the solid-state geometry of 2. The structural relationship between the cluster frameworks of 1 and 2 is clear from Figures 1 and  2 . Derived from an icosahedral geometry the solid-state structure of 2 (Figure 2 ) has two vertices which are not occupied by any metal atom. This region clearly defines the area where the hydride ligand is to be located in a bridging position as based on spectroscopic considerations.
The Pt-Au distances (2.650-2.705 A) as well as the PtCu distances (2.532 and 2.605 A) for 2 are, on average, significantly longer than those for 1 , which correlates with the decrease in scalar coupling constants between Pt and H and between Pt and P in going from 1 to 2.
No nitrates were located within coordinating distances from any metal atom; this is also seen in the IR spectrum, where NO3" is observed at 1353 cm" 1 (uncoordinated NO3"). The presence of Cu-Cl bonds is also concluded from the Ou~-Cl stretching vibration (327 cm "1) in the IR spectrum of 2. The absence of a terminal Pt-H stretching vibration further supports the proposed bridging nature of the hydride ligand. coordination of N-bases to gold is well-known from the literature.42-46 NMR Spectroscopy. 31P and 195Pt NMR spectroscopic data are given in Table 6 . The 31P NMR spectrum of 3, which consists of a singlet at d = 52.3 ppm with a 2J(P-195Pt) = 388 Hz, shows the presence of a central platinum atom. The magnitude of / ( P-195Pt) is indicative of a 2J coupling via a » gold, and therefore shows that the PPI13 groups are all coordinated to gold. The 195Pt{lH} NMR spectrum, a nonet located at 5 = -6410 ppm, shows the presence of eight AuPPh3 units. The presence of a direct Pt-H bond is proved by the i95ptpip} xnJIVIR spectrum, which shows a doublet structure due to lJ(Pt-X H) = 665 Hz. The magnitude of this coupling is, like for other hydride containing PtAu clusters, characteristic for a hydride bridging between platinum and gold atoms. This bridging position is in agreement with the absence of a terminal Pt-H stretching vibration in the IR spectrum. In the lH NMR spectra of 3 the hydride is observed at < 5 = +1.4 ppm; the eight AuPPh3 units cause a nonet splitting of this signal with 3/(H -31P) = 13 Hz. The central platinum atom gives rise to two 195Pt-satellite peaks with lJ(H-195Pt) = 665 Hz. The location of this hydride resonance is a strong indication toward the bridging position of the hydride ligand, since it is known that hydride chemical shifts are observed significantly low-field on bridging.30-33,47* 48 The pyridine resonances could not be assigned in the L H NMR spectrum due to the presence of intense PPI13 resonances in the aromatic region.
Evidence for Pyridine Coordination to Gold. As seen from the ICP analysis of 3, this cluster consists of nine Au atoms and eight PPI13 groups in addition to one Pt atom. Elemental analysis of 3 is in agreement with the presence of three nitrogen atoms per molecular formula. However, when the uncoordi nated nitrates of 3 were replaced by PF6-anions to yield 3a, elemental analysis of this product revealed the presence of one nitrogen atom per molecular formula. The IR spectrum of 3 shows no absorption bands due to coordinated NO3 and the IR spectrum of 3a shows the absence of coordinated as well as of uncoordinated NO3. These observations exclude nitrate to be the nitrogen-containing ligand coordinated to this gold atom, leaving pyridine as the probable candidate.
Pyridine-coordination has been unambiguously established by means of aH NMR experiments with 3 that has been synthesized with use of pyridine-^. Its 2H NMR resonances are shown in Figure 3B : they are substantially broadened as compared to the resonances of free pyridine-¿fe ( Figure 3A) . Furthermore, the difference between the resonances for the a-position and the ^-position (1.17 ppm) is significantly decreased as compared to that for free pyridine-^ in CH2CI2 (1.29 ppm). This decrease is in the order of magnitude normally found upon coordination of pyridine-like bases;42" 44 the absolute i positions of the resonances are not shifted more than ap proximately 0.2 ppm with respect to free pyridine-^5. When excess EtJSiCi was added to the NMR sample in situ, to yield 4a, the resonances of undisturbed free pyridine-^5 were recov ered, AU the observations indicate coordination of the pyridine to gold. If coordination would have occurred to the central platinum atom, a violation of the (S°)2(P°)6 electron configu ration of 3 would have taken place.
Synthesis and Characterization of [Pt(H)(AuX)(AuPPh3)8]+ (4) (X = Cl, Br, or SCN). The pyridine-ligand of 3 can be substituted by Cl" , Br-, or SCN" to give [Pt(H)(AuX)-(AuPPh3)s]+, in which X = Cl (4a), Br (4b) or SCN (4c). These products were characterized by means of ICP analysis, IR and 31P NMR spectroscopy. The reactions for X = Cl and Br proceed to quantitative yields, which further support the close similarity of the products with 3. The corresponding reaction with X = SCN has a yield of 70%.
The differences in 31P NMR data for 4a, 4b, 4c, and 3 are only very small (see Table 6 ). The cationic nature of 4a is seen from the presence of uncoordinated nitrate in the IR spectrum, and is in agreement with the insolubility of 4a, 4b, and 4c in apolar solvents like benzene and toluene. The 1+ charge is supposed in order to obey the (S<r)2(Pa)6 electron configuration. 4a can also be prepared from the reaction of [Pt(AuPPh3)8](N 03)2 with AuPPh3Cl and H2 in pyridine, resembling the synthesis of 3. It is remarkable that compound 4b could not be obtained from the reaction of [Pt(AuPPh3)8](N0 3)2 with AuPPh3Br and H2 in pyridine.
The absence of an absorption band of nitrate in the IR spectrum points toward Br" as counteranion to 4b. The IR spectrum of 4c shows that a thiocyanate is coordinated: the C-N stretching vibration of the coordinated thiocyanate is observed at 2099 cm" 1, which is characteristic for a sulfurcoordinated thiocyanate. [49] [50] [51] [52] Coordination to the central Pt atom would violate the (Sf7)2(Pi7)6 electron configuration of 4c; therefore, it is concluded that the thiocyanate is coordinated to gold. The presence of uncoordinated, ionic thiocyanate is also clear from the IR spectrum (2050 cm-150> 51); the absence of a nitrate vibration shows that the nitrates of Table 6 ). It is worth noting that 5 could also be obtained by using [PPh3CuBr]4 or [PPh3CuI]4 instead of [PPh3CuCl]4. It is presumed that this is due to a halide-exchange reaction with dichloromethane on the alumina column. Donation of Cl~ by dichloromethane is also observed in other cases.10
